Abstract
Introduction
The singular-value decomposition (SVD) and eigendecomposition (ED) is a tool of both practical and theoretical importance in digital signal processing. The SVD an ED transforms are applicable to many image processing problems such as image coding and restoration, data compression, and power spectrum analysis. They are defined following way.
Let M = [Adk(i)]zL& be an arbitrary discrete nonsingular (N x N)-transform. We form two product M t M and M M t , where "t" is the transpose symbol. Last matrices are symmetric and hence they have eigen-decompositions: 
Classical Haar-Wavelet transforms
The Haar-Wavelet transform can be defined from the Haar functions and has the following factorization [9] :
where 32 = a [ -: ] is the Walsh (2 x 2)-transform, where IT2n is the perfect shuffle permutation matrix [5] . Classical description of IT2n can be given by describing its effect on a given vector. -l,i,-z , . . . , il,io) = (i0,in-l,in-2 ,. .
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Note, that Hin performs the right cyclic bit-shift operation, i.e. E j n ( i n -l , i n -2 , . . . ,il,io) = . . , i l , i o , i , -l ) . The perfect shuffle permutation matrix IT,= has the following factorization [5] :
where IT4 is the "bit swap" operator, i.e., IT4(il,io) := There are two families of generalized Haar transforms [7] - [14] . The first family (discrete controlled) has the following form:
(io, id. 
Quantum fractional Haar-Wavelet transform
. All operations in quantum computation are realized by means of transformations on the QU-BIT'S contained in a quantum register. The possible transformations a quantum computer can carry out are the elements of unitary group
u ( c~" ) .
A quantum logic gate is an elementary quantum computing device which performs a fixed unitary transformation on selected QU-BIT'S in a fixed period of time. A transformation gate takes an input quantum state and produces a modified output quantum state. The gates have the same number of inputs as outputs, and a gate of n inputs carries a unitary transformation of the group U ( C '*), i.e., a generalized rotation in the Hilbert space C 2 " .
To study the complexity of performing unitary transformations on QU-2"REG, we introduce two types of quantum logic gates 141- 
We shall use a standard graphical notation for quantum circuits. [4] - [6] , [23] In this notation the tensor structure of the Hilbert space C2" = C 2 @ C 2 @3 . . . I53 C2 is reflected by drawing 72 parallel lines (=quantum wires) each of which represents one tensor component C2. A box sitting just on one wire denotes a local transformation U$? whereas the (-)-controlled U,';kk-gate occupies all n wires: k for the control and 72 -k for the transformation (see Fig. I ).
The quantum nelwork (gate array)is a quantum computing device consisting of quantum logic gates whose computational steps are synchronised in time. The quantum network is the natural quantum generalization of the acyclic combinatorial logic circuits studied in conventional computational complexity theory. The output of some of the gates are connected by wires to the input of others and they interconnected without fanout or feedback by quantum wires. A quantum computer will be viewed here as a quantum network (or a family of quantum networks). Quantum conpitation is defined as unitary evoiution of the network which takes its initial state "input" into some final state "output".
In order to realize quantum fast fractional Haar-Wavelet transforms, we introduce According to (19) , (20) we can introduce quantum counterparts of transforms (12), (14), (1 5 ) and (1 8)
In the language of quantum circuits, these transforms are presented in Fig. 2 and Fig. 3 , respectively. , n = 4
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